I, Introduction
Asset price bubbles are amongst the most talked-about yet misunderstood topics in economics. Theoretical researchers debate between rational, nonrational or even non-existent bubbles, while empiricists tackle the issue with state-of-the-art econometric tools yielding mixed results.
A bubble is usually defined as the component of asset prices that cannot be accounted for by fundamentals 1 . A rational bubble arises when agents are willing to pay a higher price than the \fundamental price" because they believe that they can sell the asset at an even higher price in the future (Gurkaynak (2005) ). A nonrational bubble is defined as a rapid upward price movement, based on exaggerated beliefs about future outcomes (e.g. company earnings or the impact of a new technology), followed by a collapse (Meltzer (2003) ).
Some theorists have also developed behavioral models with rational expectations which allow for explaining price behavior without bubble components. In a nutshell, these models assume expectations are based on imperfect knowledge of future fundamentals, so that investors may overestimate potential income flows (i.e. earnings) and hence asset prices. As agents acquire new information, they correct their initial forecasts, altering their investment/consumption decisions and changing asset prices (Meltzer (2003) ).
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Fundamentals are the discounted value of expected future income flows.
On the empirical side, tests are usually constructed for rational bubbles, given the relative knowledge of researchers on testing the present value model of asset prices.
Nonetheless, results vary and there does not appear to be a general consensus regarding a specific empirical test of bubbles. In fact, there is not even a common agreement on the interpretation of a rejection of the no-bubbles hypothesis; while some argue this is proof of the existence of bubbles others attribute this to a failure of the model in another dimension (e.g. misspecified fundamentals). In the end, the choice between bubble solutions and a misspecified model of price behavior remains a matter of belief.
The bottom-line is that even if there is no scientific proof of the existence of bubbles, the current volatility in asset prices worldwide has sprang a newfound interest in the subject.
The typical questions found in the literature usually read something like: How should bubbles be measured? Can they be measured? Are they rational or nonrational bubbles?
Do bubbles exist? Are these the most relevant questions for decision-makers? Probably not. Financial instability usually arises from a combination of economic imbalances
and not a single event. That is, large increases in asset prices by themselves do not necessarily lead to widespread instability in the financial system. Rather, an increase in asset prices, rapid credit expansions and high levels of investment, occurring simultaneously, could lead to potential problems Lowe (2002, 2003) ). Thus, the relevant question for policymakers is not whether bubbles exist, but rather if the observed behavior in asset prices, along with other financial and real variables, is indicative of possible future imbalances.
In such spirit, we use information on the most relevant asset prices, credit and investment to construct early-warning indicators of financial distress, as suggested by Lowe (2002, 2003) . The idea behind these indicators is simply to observe the deviation of each series to its long-term trend, and determine whether imbalances occur after such deviations overcome a specific threshold. Although analyzing the deviation of a variable to its trend is by no means revolutionary (the loans to GDP ratio being one of the most common), analyzing real and financial variables jointly as early warning indicators of financial distress has only become popular more recently. This is mainly due to the fact that although asset prices have made several appearances on historical accounts of financial instability, their empirical relationship with credit and aggregate demand has been less studied. On second place, even if there is no consensus on the exact link between financial and monetary stability there does seem to be a convergence on some of the actions that should be undertaken by policymakers to reduce large asset-price swings. In short, these are aimed towards reducing information asymmetries in the market, promoting the long-term structure of certain specific institutional investors' portfolio (e.g. pension funds) as well as the diversification and sophistication of risk management tools. Additionally, they should promote deeper and wider capital markets to increase the universe of financial assets available to investors and encourage a closer monitoring of financial markets.
Both the retrieval of information embedded in asset prices as well as possible policy actions to help move financial markets into a stronger form of market effciency (i.e. more shock-resistant) are crucial to policymakers worldwide. This is even more so in a country like Colombia, because emerging markets which are moving towards a model of financial integration are more vulnerable to the adverse effects that speculative capital flows have on the financial cycle. When there are waves of optimism on the real sector, credit grows spectacularly, there is a tendency to overinvest in physical capital, asset prices hike and consumption soars as well.
All this factors lead to higher economic growth and a valorization of domestic assets, increasing foreign investors appetite for the latter. This leads to higher 2 Developments in asset prices and credit may have an impact on in°ation and are therefore important for central banks when they set interest rates. Additionally, asset prices may be indicative of future developments in output and demand.
capital inflows, which in Colombia are highly (and positively) correlated with credit (see Villar et al. (2005) ), thus exacerbating the business cycle. When expectations change (e.g. due to new information on future fundamentals) and agents correct their initial forecasts, the wave of optimism crumbles, imbalances are corrected abruptly and there are perverse effects both on financial markets and the real economy (Collyns and Senhadji (2003) ).
This paper is organized as follows. Section I presented a quick introduction to the subject at hand and its relevance to policymakers. Section II presents an overview of the implications of the latter on monetary policy. Empirical exercises with
Colombian data on asset prices, credit and investment as early-warning indicators are carried out in section III. Section IVconcludes.
II. Implications of Bubbles on Monetary Policy

A. To intervene or not to intervene
Although there seems to be an agreement regarding the relevance that asset price developments have over financial stability and economic growth, the debate concerning the optimum intervention of economic authorities to prevent strong swings in these prices prevails.
One branch of the literature supports the hypothesis that expansive policies may compensate the recessive effects of large swings in asset prices. As Meltzer (2003) notes, asset price declines need not be followed by output or consumption recessions.
By analyzing several bubble episodes, the author states that the different effects that high asset prices have on an economy are explained by the policy actions implemented by the relevant authorities. Moreover, Cecchetti et al. (2003) suggest that even though asset prices should not belong to the objective function of the Central Bank, misalignments in these prices must be taken into account. The main reason is that asset price bubbles lead to increases in real output and inflation, followed by sharp falls. The authors suggest these effects can be offset with modest movements on the interest rates by policymakers. There are three channels distinguished in this literature through which monetary policy can affect asset valuations: through changes in individual expectations about future behavior of economic growth, altering agents' set of discount factors and causing portfolio shifts that affect assets' relative prices.
On the other hand, a branch of the literature states that central banks should not react to changes in asset prices. They support their position by arguing that it would be harmful for economic stability to introduce such a volatile indicator into policy decisions. Another important argument to remain extremely cautious about monetary policy intervention is moral hazard problems: if individuals expect intervention they may take riskier projects in order to magnify their expected returns because they internalize that their losses are limited.
Moreover, Goodfriend (2003) advices that monetary policy should not react directly to asset prices because there can be no theoretical presumption on the correlation between interest rates and equity price movements, and hence on the overall effectiveness of the intervention.
B. What can Monetary Authorities Do?
Although The above implies that monetary authorities must safeguard financial stability by promoting diversity in financial markets, which in turn may prevent asset price swings. In order to achieve this objective, monetary policy should focus on i) strengthening market transparency, ii) preserving the long term perspective of some investors (e.g. pension funds), and iii) promoting the diversification of risk management tools of financial institutions.
• Market transparency reduces incomplete information and uncertainty, which boosters investors' confidence regarding their own decisions.
•
Transparency also allows for a better differentiation between good and bad borrowers.
• Preserving the long-term perspective of pension funds and insurance companies they compensate for the "short-termism" of other agents, thus reducing the impact of new information in the price formation process. Moreover, there is consensus over the idea that asset prices offer useful information to monetary authorities in the short-run (Goodfriend (2003) ), especially because they have important consequences over financial markets. This idea is central to the core of this paper, because it implies that observing financial series may give policy makers vital information regarding the future development of certain segments (or in some cases the whole) of the financial system. This means that a central bank should use the information that these variables contain in order to ensure and promote the stability of financial markets.
III. Empirical Exercises
A. What can be done
Following the spirit of Lowe (2002, 2003) , the central question in this analysis is not whether bubbles exist or not, but rather how much information can be derived from asset prices and other real and financial variables concerning This approach was first proposed by Kaminsky and Reinhart (1999). 6 Much debate exists concerning the criteria that defines adverse credit growth. In this paper, when we refer to rapid credit growth we do not think of a higher equilibrium growth level, but rather an expansion related to increased market liquidity, a relaxation in risk assessment and monitoring standards, and indebtment decisions above actual repayment capacities. Hilbers et al. (2005) identify an expansion above 20% in real terms as worrying for countries with low credit to GDP ratios (i.e. below 30%). Credit in Colombia grew 26.5% in real terms during 2006, and the credit/GDP ratio was slightly above 30% for the first time in over 5 years. Intuitively, we want to calculate the various indicators using only information that would have been available to the policymaker when determining whether or not a "boom" existed.
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The information was obtained from the Superintendencia Financiera (Financial Superintendency), DANE(Department of National Statistics), DNP (Department of National Planning) and the Bolsa de Valores de Colombia (Colombian Stock Exchange). The Superintendencia Financiera is in charge of financial regulation and supervision in Colombia.
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Following Lowe (2002, 2003) , we utilize various threshold levels in our indicators. The idea is to try and find the threshold value that best identifies actual imbalance periods whilst minimizing the number of false alarms i.e. the number of wrongly predicted crises.
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The loan series includes mortgage, consumer and commercial loans.
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This ratio is also suggested by Kaminsky and Reinhart (1999) , Gourinchas et al. (2001) , and Sopanha (2006) , among others.
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All the variables here used are in real terms. what combination of events in the real and financial sectors increase the probability of possible risks materializing is even more so.
Historical experience has taught us that financial distress generally arises as a combination of economic imbalances which unwind simultaneously. In this sense, hikes and declines in asset prices, along with rapid credit expansion 6 and -in some cases-above-average capital accumulation, rather than any of these alone, are the most common symptoms of such scenarios. Accordingly, they are an indication of an increase in the likelihood of possible imbalances. 
B. Calculating the Early-Warning Indicators
Following Lowe (2002, 2003) we calculate the ratio of loans 10 to gross domestic product (GDP) 11 , as well as the ratio of investments to GDP 12 .
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IGBC is constructed by the Bolsa de Valores de Colombia (www.bvc.com.co) and IPVN is constructed by DNP (www.dnp.gov.co). Appendix B carefully explains the construction of the aggregate price index, calculated at Banco de la República (Central Bank of Colombia).
14 A gap of 1.2 implies a deviation of 20% between the series and its trend. In other words, the series' value is 20% greater than the long-run trend value.
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This crisis was the must pronounced shock the Colombian economy has su®ered in the last century, and is actually the only crisis in our data set.
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The new model is called SARC (for its spanish initials) and is currently operating only for commercial loans. The idea is to extend it to consumption loans by 2008. The central idea behind the model is for banks to have higher provisioning levels during the ascending part of the economic cycle so as to create a reserve fund for the "bad" times. More on this model can be found at www.superfinanciera. 
IV. Results
As Figure 1 reveals, the credit, investment, equity and API gap present high deviations from their long-term trend for the year prior to and/or during the financial crisis of 1998-1999 15 . However, the same is not true for the housing gap which does not show a high gap for the year before or during the crisis, but rather 3 years earlier (i.e. 1995). This could mean one of two things. Either that housing prices are not a good early-warning indicator, or on the contrary, they are the best early-warning indicator, because they predict the imbalance first.
Additionally, it is interesting to note that the credit gap, equity gap and API gap showed somewhat similar deviations during the pre-crisis period and the first quarter of 2006.
However, they diverge significantly starting the second quarter and up until the end of the year, with the loans to GDP ratio registering its highest deviations (over 10%) with respect to its trend, while both equity prices and the API presented important reductions in theirs (around 20 percentage points The indicators that we intend to build must give an alert signal when the estimated gaps overcome certain threshold values. In this way, we use a trial-and-error methodology to verify the efficiency of these indicators by checking whether they were able to predict the 1998-1999 economic crisis, how many false alarms are detected and whether each indicator identifies a financial imbalance as of This is done in order to eliminate possible "noisy-signals" which arise due to high volatilities under very specific conjunctures in the market.
18
Assuming that the deviation would have continued to increase had there been no such volatility in the market. The threshold values are expressed as percentage deviations from the trend. The horizon is the number of years, prior to the imbalance period, considered to test the predictive power of the indicator. An indicator is on if the deviation form the trend is above the chosen threshold level for two or more consecutive quarters at the respective horizon.
Early-Warning Indicators (continued) Table 1 The joint indicators give diverse results. Not surprisingly, when an indicator involves housing prices (Credit-Investment-Equity-Housing), it does not predict a financial imbalance today and only correctly predicts the 98-99 crisis when a 3 year horizon is chosen. The second joint indicator (Credit-Investment-Equity), correctly predicts the crisis period for the threshold values and horizons considered.
Moreover, including real variables along with equity prices eliminates the false alarms present when the latter was taken individually. Whether the indicator predicts an imbalance today remains a matter of choice between the two sets of threshold values, and given uncertainty as to whether the next years will effectively feature a financial imbalance, a definite choice cannot be made between the two. The same conclusion holds for the Credit-Investment-API indicator, which is expected given the relative importance of equity price movements in the behavior of this index.
Overall, a definite conclusion cannot be made as to which indicator is best. However, there is enough evidence in these indicators regarding the information that financial prices (at least equity prices), among with other key variables, have in identifying possible future imbalances (i.e. almost all indicators were on before the 98-99 crisis). Preliminary results tend to favor both the Credit indicator and the joint indicators Credit-Investment-Equity and Credit-Investment-API, as they all correctly predict the crisis period and make no false alarms. The strong appeal of the latter lies in that they take into account financial and real variables and theoretically include more market information. The future behavior of the market (i.e. the occurrence or not of a financial imbalance) will more specifically tell us which threshold values work best; However, note that the realization of a future imbalance will make a strong case for the Credit indicator, since it is the only early-warning signal that is on regardless of the threshold value chosen. In this more than in any other case, only time will tell.
V. Concluding Remarks
Asset prices have recently began to experience an academic boom, by becoming a common topic in economic debate. However, much time has been spent in determining whether asset prices effectively exhibit a bubble component, a question which although being theoretically appealing deviates from the policy makers needs.
For the latter, the fact that asset prices may contain relevant information concerning future market developments is central, and should therefore be exploited.
This paper is a first effort in this direction, aimed towards the construction of early-warning indicators using financial (including asset prices) and real variables, both individually and jointly. Results show evidence to support that there is relevant information embedded in these series, as all indicators (except the new housing price indicator) reveal a significant deviation for the year(s) prior to the 98-99 crisis (i.e. they are on). Additionally, the exercises here conducted show that the performance of asset price indicators is enhanced by including credit and investment, thus considering a wider range of market information. A definite conclusion regarding the best indicator (along with the best forecast horizon and threshold level) will unfortunately depend on future market events. They will be the ultimate judge on the predictive power of each indicator.
In terms of policy action, these indicators serve two purposes. Firstly, the individual indicators help identify specific markets where signs of possible imbalances are present. Secondly, the joint indicators help to identify specific moments when the promotion of a sounder financial system is most necessary (although by no means unique). When the early-warning indicators are on, the role of the policy maker should be more active in the market. Not necessarily in the traditional sense (i.e. altering interest rates), but in communicating with market participants, promoting portfolio diversification, preserving the long-term perspective of institutional investors (e.g. pension funds) and urging financial agents to make the best use of the information (i.e. credit data bases and/or firms balance sheets) and risk management tools that are available to them 19 .
However, as mentioned above, these actions should not be the sole responsibility of the imbalance periods, and should be regularly practiced by local authorities (i.e. prudential regulation). Additionally, promoting the creation and deepening of capital markets to increase portfolio diversification is a task that must not be left aside, because the future development of a more shock-resistant financial system will largely depend on the level of maturity of the system as a whole.
In this respect, the Banco de la República has done an immense effort, by openly collaborating with the Superintendencia Financiera in the sophistication and implementation of risk management tools to better face market, credit and liquidity risk. Additionally, by emphasizing in its periodical publications the need to advance in better credit-information data bases for the financial system, alerting banks to keep a close watch on the level of non-performing loans and analyzing asset prices in an effort to identify possible imbalances.
Future research in this field is more than necessary, especially since this is only a first approach to obtaining all the relevant information for policy makers from asset prices. A possible next step would be to follow Coudert and Gex (2006) in utilizing risk aversion indicators (which are constructed using principal component analysis on financial price series) to anticipate financial imbalances 20 . The important issue at hand is that all such efforts, no matter how sophisticated or practical, by being aimed towards granting monetary authorities new tools to prevent pronounced periods of recession, are welcome.
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An excellent review of the prudential and supervisory measures that can and have been used by policy-makers worldwide to undermine possible future financial imbalances is found in Hilbers et al. (2005) .
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The authors use probability models to test this hypothesis.
